The aim of study was to analyze the dietary effect of pumpkin and flaxseed oils on mineral composition of egg mass and blood parameters of laying hens. At 38 weeks of age, Lohmann Brown Lite hens were housed in three-floor cages, divided into three dietary groups (C-control, E1-pumpkin oil (3%), E2-flaxseed oil (3%)). There were housed six hens in one cage. A total 18 hens were monitored. In the control group hens were fed with standard complete feed mixture for laying hens and in the experimental groups by feed mixtures with supplementation of pumpkin or flaxseed oils. Vitamin E was added into feed mixture in the experimental groups. The experiment lasted 52 days. Twelve eggs from each dietary treatment were randomly selected and analyzed. As regards the mineral composition of eggs, only concentrations of calcium after both oil supplementations and zinc after flaxseed oil supplementation in diet were significantly (P<0.05) higher in yolk. Contents of magnesium in yolk and albumen and phosphorus in albumen were markedly (P<0.05) lower in E1 and E2 compared to the control. Also lower (P<0.05) concentrations of potassium after flaxseed oil supplementation in yolk and zinc after both oil supplementation in albumen compared to the control were found. The amounts of other minerals were relatively balanced among groups. Significant (P<0.05) differences among groups in blood parameters of laying hens were observed in mineral and energy profile. Higher (P<0.05) concentrations of calcium, triglycerides and cholesterol in both experimental groups in comparison with control group were found in blood serum of laying hens. The supplementation of oils in diets of laying hens had not notable (P>0.05) influence on enzymatic and protein profile. 
Introduction
Eggs are made up of a variety of chemical components, including water, protein, fatty acids, minerals, vitamins, and pigments (Li-Chan and Kim, 2008) . Eggs are very good source of vitamins A, D, E a K and whole complex of vitamins of group B also comprising B12 which are necessary for well-functioning nervous system. Also includes folic acid, iron, phosphorus, sulphur, potassium, magnesium and from trace elements it is zinc, copper, manganese, bromine and iodine (Nagy et al., 2009) . Feed additives are a group of feed ingredients that can cause a desired animal response in a non-nutrient role such as pH shift, growth or metabolic modifier (Hashemi and Davoodi, 2010) . They may have a beneficial effect on vitality and health condition (Gerzilov et al., 2015) . Vegetable oils, also called essential oils are aromatic, liquids obtained from plant material (flowers, buds, seeds, leaves, twigs, bark, herbs, wood, fruits and roots). It was reported that essential oils have a stimulating effect on animal digestive system (Ramakrishna et al., 2003) . In animals, in particular, promote the secretion of gastric juices, while operating on gut motility and improve the integrity of the intestinal lining (Panda et al., 2009 ). In addition to antibacterial properties of essential oils (Gopi et al., 2013; Krishan and Narang, 2014) were demonstrated their antiviral effects, antifungal effects, effect of anti-producing of poisons, antiparasitic and insecticidal properties. Essential oils may like antibiotics to have positively influence on weight gain, utilization of nutrients, egg production, body weight, and feed intake. However, the sensory quality of eggs isn´t often affects (Garcia-Rebollar et al., 2008) . The addition plant oils have positive effect on contents of total protein, albumin, cholesterol, triglycerides (TG), bilirubin, K, Na, Ca and Mg in blood serum (Gulec et al. 2013) . Flaxseed is emerging as one of the key sources of phytochemicals in the functional food area. In addition to being one of the richest sources of α-linolenic acid oil and lignans, flaxseed is an essential source of highquality protein and soluble fibre and has considerable potential as a source of phenolic compounds (Oomah and Mazza, 1999; Oomah, 2001) . The pumpkin seeds contain 39.25% of crude protein, 27.83% of crude oil, 4.59% of ash, and 16.84% of crude fibre (Alfawaz, 2004) .Using phytogenic or herbal plants containing essential oils in poultry farms has developed with successful results (Hashemi and Davoodi, 2010) . The subject of this work was to determine the effect of an essential oils on mineral composition of egg mass and blood parameters of laying hens.
Material and methods

Animals and housing
The experiment was carried out in accredited testing station of the Department of Poultry Science and Small Animal Husbandry (Faculty of Agrobiology and Food Resources, Slovak University of Agriculture in Nitra). At 38 weeks of age, Lohmann Brown Lite hens were housed in three-floor cages, divided into three diets of groups (C-control, E1-pumpkin oil, E2-flaxseed oil). There were six hens in one cage housed. The useful area provided for one laying hen presented 943.2 cm 2 . Total 18 hens were monitored. The laying hens were kept in the standard bioclimatic and welfare conditions. In this animal study, institutional and national guidelines for the care and use of animals were followed, and all experimental procedures involving animals were approved by local ethic committee. All efforts were made to minimize suffering of animals. During experiment, the light regime was 16 hours. All hens were housed in a windowless and environmentally controlled room, with room temperature kept at 20 to 22°C. The experiment lasted 52 days.
Feeding
In the control group (C), hens were fed with standard complete feed mixture for laying hens, in the experimental groups by feed mixtures supplemented with pumpkin (E1) or flaxseed (E2) oils. Concentration of oils was 3%. Oils were added into mixtures before the start of feeding. These oils were obtained from business network in Slovakia. Analyzed oils have been declared by the producer as pure and virgin oils which were pressed mechanically by cold technology. Vitamin E (0.1g per 1 kg of feed) was added into feed mixture in the experimental groups. Each cage was equipped with four nipple drinkers. Laying hens in all groups received drinking water and feed mixture ad libitum. Feeding mixture was composed of wheat, corn, soybean meal, rapeseed meal, sunflower meal, animal fat, soybean oil, calcium carbonate, feed additives, sodium bicarbonate, monocalcium phosphate, sodium chloride and enzyme complex of phytase. All kinds of feed supplements used in the experiment were homogenously incorporated into the feed mixture in the feed mill. Nutrient composition of feed mixtures is presented in Table 1 . 
Sampling and laboratory analysis
At the last week the eggs were collected and processed for chemical analysis.
Twelve eggs from each dietary treatment were randomly selected and analyzed. Blood samples from vena basilica from hens were taken from all animals by macromethod in the morning at the beginning and end of the experiment. Nutrients composition of diets, mineral composition of eggs and blood parameters were determined by standard laboratory methods and procedures (AOAC, 2000) . Content of ash was determined by complete combustion of the sample in a muffle furnace at 550°C (4 to 6 hours). 
Statistical analysis
The data used for statistical analysis of nutrients represents means of values obtained from 12 eggs from each group. The results of descriptive statistics have been expressed as mean with standard deviations or coefficient of variance. Differences between groups were analyzed with one-way analysis of variance (ANOVA) by using the statistical programme IBM SPSS 20.0. Results were analysing using Tukey test. Values with different superscripts within a column are significant at 0.05 level. Relationships between nutrients were assessed on the basis Pearson correlation coefficient.
Results and discussion
Mineral composition of egg mass
The main role of minerals is their structural function. They are very important as regulators of physical-chemical processes in the organism, are involved in the maintenance of acid-base balance, perform an important function in the regulation of the osmotic pressure and in formation of buffer system of biological fluid (Pajtáš et al., 2009) . Egg yolk also contains a trace amount of minerals. The mineral content in egg yolk is about 1%. Phosphorus is the most abundant mineral owing to the high content of phospholipid (Li-Chan and Kim, 2008) . Macroelements and microelements composition of eggs components are summarized in Tables 2, 3 . Significant (P˂0.05) differences in contents of calcium and magnesium among control and experimental groups were found in eggs yolk and albumen. After oils addition in to diets of laying hens content of magnesium was evidently lower in E1 (pumpkin oil) and E2 (flaxseed oil) in both components of egg. Negative effect of oils was detected also in sodium concentration. However, higher amount of phosphorus was observed in both experimental groups compared to the control in all components of egg but significant (P˂0.05) differences were observed only in eggs albumen. The potassium concentration was lower after pumpkin and flaxseed oil supplementation in comparison with control group in shell (P˂0.05) and albumen (P˃0.05). Significantly (P˂0.05) lowest content of potassium was recorded in E2 against control and E1. The contents of iron and manganese in table eggs were not markedly affected of oils addition in feed mixture. Values of manganese were balanced in all groups. The concentration of zinc was significantly (P˂0.05) lower after pumpkin and flaxseed oil addition compared to the control in eggs albumen. Significant (P˂0.05) differences in content of copper were observed only in eggs yolk and egg shell. Tendency (P˃0.05) of a higher copper content in albumen was found in the control group in comparison with experimental groups. Relative to mineral composition, yolks from egg produced by hens fed the control treatment (no oil) were significantly different only from those derived from hens fed the diet supplemented with 2.5% canola oil + 2.5% soybean oil, which presented lower mineral content (Faitarone et al., 2013) . The effect of dietary plant extracts added into feed mixture of layers on the content of phosphorus, calcium and magnesium in eggshell were not significant (Lokaewmanee et al., 2014) . Herkeľ et al. (2016) also reported that phytogenic additive including essential oil may significantly affect mineral composition in poultry products. In the study of Aydin et al. (2001) who researched effect of conjugated linoleic acid and olive oil on nutritional composition of eggs yolk and albumen contents of Mg, Na and Cl of eggs yolks stored at 4°C for 10 week was significantly higher in eggs from conjugated linoleic acid fed laying hens. The lower concentrations of Ca, Zn and Fe in the yolk were found in the treatment with conjugated linoleic acid compared to the control. In contrast, eggs from laying hens fed the conjugated linoleic acid diet had greater concentrations of Fe, Ca and Zn and lower concentrations of Mg, Na and Cl in albumen relative to eggs from hens fed control diet. Total Fe level in the albumen of the eggs from conjugated linoleic acid fed laying hens was 22-fold greater than those from hens fed control diet. Feeding olive oil along with conjugated linoleic acid completely prevented changes in the mineral content of egg yolk and albumen. Average contents of Ca 344 g*kg were observed in egg shell of Lohmann Brown laying hens (Tůmová et al., 2014) . Glisson and Walker (2010) reported that sodium, potassium and chlorides occurs for the most part as free minerals and other minerals are usually bound to proteins and phospholipids. Main factor which affect amount of minerals in eggs is feed. Eggs are important source of phosphorus, iron, zinc, copper and other elements. Relationships among content of fat and macroelements are expressed in Figure 1 . Positive correlation was found in Ca and P contents to fat. Very strong negative correlation was detected in Mg and Na concentrations to fat content in egg yolk. 
Blood parameters of laying hens
In the experiment, there was analyzed the effect of essential oils on selected blood parameters in laying hens. The majority of performance traits of livestock species is determined by maintaining a dynamic equilibrium between the extent of anabolic and catabolic changes in the body and by effective metabolism (Kapelański et al., 2004) . Biochemistry of the blood gives us an indication of what is happening within the body. Internal milieu of the organism includes also parameters of blood and its status.
Basically it is homeostasis of the cells or stable environment within the cells. Changes in internal milieu can be caused by various factors. One of them is also diets and feed (Capcarová and Kolesárová, 2010 Table 4 . Significant differences (P˂0.05) were found in content of calcium (Ca), sodium (Na) and potassium (K). The current experiment demonstrated that the experimental treatments did not markedly (P˃0.05) affect the concentration of phosphorus (P), magnesium (Mg) and chlorine (Cl). The content of Ca was significantly (P˂0.05) higher in both experimental groups compared to the control. The addition of flaxseed oil into diets of layers affected (P˂0.05) increase of Na and K contents. The reduction (P˃0.05) of plasma Mg was found in the experimental groups in comparison with control group. The decrease of plasma magnesium was detected in the experiment of Gálik et al. (2015) . The contents of chlorides and phosphorus were also lower in dietary treatment (blend of essential oils) compared to the control. Phytogenic feed additives containing essential oils of thyme and star anise as main active components were studied by Cho et al. (2014) . They found reduced blood total cholesterol. Gulec et al. (2013) noted significantly higher (P<0.05) contents of total protein, albumin, cholesterol, triglycerides, bilirubin, K, Na, Ca and Mg after addition of plant oils (Thymus vulgaris and Foeniculum vulgare) compared to the control. Present findings are not in agreement with those presented by Levkut et al. (2011) who observed that chickens fed oregano oil supplemented diet had significantly higher serum magnesium concentration and slightly lower serum phosphorus level in comparison with birds from control group. Tůmová et al. (2014) found average contents of serum Ca 4.18 mmol*l Enzymatic profile of blood of laying hens at the end of experiment is recorded in Table 5 . AST, ALT, GGT, ALP and bilirubin of enzyme complex were observed in this trial. Significant differences among groups in enzyme profile were not found (P˃0.05).
Values of AST were balanced in all treatments. Tendency (P˃0.05) of highest activity of AST and GGT was observed in E1 (pumpkin oil addition). A slight increase in plasma ALT was found in the both experimental groups compared to control. The lower activities for plasma ALP and bilirubin were recorded in the experimental groups in comparison with control group. Those marker enzymes are normally localised within the cells of the liver, heart, gill, kidney, muscles and other organs (Yakubu et al., 2005) . Moreover, mentioned "adaptive enzymes" are of importance for diagnosis of diseases (Beňová et al., 2003) . Abd El-Ghang and Ismail (2013) who used oregano essential oil in broiler feed, observed increase in the activity of ALT and AST. The above mentioned finding agree with the results of Traesel et al. (2010) , who reported that the serum AST levels in the group supplemented with essential oils from oregano, sage, rosemary, and pepper crude extract at 150 mg*kg -1 were significantly higher than in the control group. Gálik et al. (2015) added phytogenic additive including essential oils into feed mixture for poultry. In contrast to the present study, significantly higher concentrations of ALT as well as AST were found in the control group, while lower concentration was detected in birds from experimental group. The lowest activities for plasma ALT and AST recorded for individuals fed diets supplemented with phytoadditive indicate that the used treatment did not negatively alter liver enzyme activity but also had a non-toxic effect on the kidney and liver (Saleh, 2014) . Furthermore, no increase in serum concentration of ALT and AST may provide evidence to protect of liver against hepatocellular degeneration (Al-Jaff, 2011). Presented experiment did not confirm results of other authors (Habibi et al., 2014; Saleh, 2014; Zhu et al., 2014) . Shi et al. (2014) who added phytosterols into feed mixture of layers reported some minor changes in clinical chemistry parameters, but these changes were small and considered to be of no toxicological significance. Total bilirubin was relatively balanced between control and experimental groups with different doses of phytosterol what is in agreement with current findings. Similar results with present work were found in enzyme GGT. Differences in ALP were not significant. Lokaewmanee et al. (2014) researched effect of plant extract addition in diets on blood components of laying hens. Among the dietary treatments were not detected significant differences in content of AST, ALT, ALP and bilirubin. Energy and protein profile of blood of laying hens at the end of experiment are shown in Table 6 . The glucose content was statistically (P˂0.05) the highest in control group compared to E1 (pumpkin oil supplementation). Both cholesterol and triglycerides concentrations was markedly (P˂0.05) higher in the E1 and E2 (flaxseed oil supplementation) in comparison with control group. Significant differences between experimental groups in the content of cholesterol were not recorded (P˃0.05). The greatest (P˂0.05) impact on increasing of triglycerides concentration had pumpkin oil addition in laying hens diet. The comparison of biochemical blood parameters of birds received diet with blend of essential oils from origanum, anise and citrus fruits and from control group demonstrated that the latter had only slightly lower concentration of glucose (-4.11%), which is substance that in animals directly oxidises to provide energy (Gálik et al., 2015) . Mansoub (2011) reported that using oregano oil in chicken´s diet had not significant effects on plasma glucose level. Insignificant differences between control and experimental groups (addition of Nigella sativa) were found in concentration of glucose in the experiment of Ghasemi et al. (2014) . Some reports have indicated that cholesterol from eggs does not have a negative effect on serum cholesterol levels (Kritchevsky and Kritchevsky 2000; Hu et al. 2001) . On the contrary, findings of a research works conducted by Soltan et al. (2008) and Gálik et al. (2015) who noted that dietary anise seeds respectively blend of essential oils supplementations in poultry diet not significantly affected serum cholesterol level. No differences on serum cholesterol levels observed also Bampidis et al. (2005) and Sarica et al. (2005) who evaluated the effect of dietary supplementation with oregano oil. In contrast to present study, decreasing effect of phytoadditives on serum triglycerides level recorded Puvača et al. (2015) and Rahimi et al. (2011) . Abou-Elkhair et al. (2014) researched bioactive effect of dietary supplementation with essential oils blends of oregano, thyme and garlic on blood parameters of broilers. The content of triglycerides in dietary treatments was lower than in the group without essential oils addition in diet. Have been suggested that the lower serum concentrations of triglycerides and cholesterol in birds who received phytogenic feed additive could be related to the complex antistress, antioxidant and antimicrobial effect of herbs included in the feed supplement (Gálik et al., 2015) . Saki et al. (2014) added raw herbal powders including garlic, marigold, fennel seeds and thyme into feed mixture of Leghorn laying hens. The serum triglyceride and cholesterol were not affected significantly by inclusion of different levels of phytogenic feed additives in layer diets. However, serum HDL and LDL were increased by inclusion of phytogenic additives. Zhang and Kim (2014) researched effect of dietary olive oil on serum concentrations of total cholesterol, HDLcholesterol, LDL-cholesterol and triglycerides in blood of laying hens. At the end of experiment, serum total cholesterol and HDL-cholesterol concentration in group with 5% olive oil addition was lower than in control group. Triglycerides level in blood of layers was unaffected by dietary treatments. Park et al. (2015) who added dietary Marine microalgae into diets of layers found that blood triglyceride concentrations increased quadratically in experimental group compared to control treatment. Similarly, total cholesterol concentrations of blood also increased markedly. In presented study, significant differences in plasma total protein concentration between control and experimental groups were not observed (P˃0.05). Tendency (P˃0.05) of the highest crude protein content was found after flaxseed oil addition in diet. Similar results were reported by Gálik et al. (2015) . Corduk et al. (2013) showed that supplementation of phytoadditives (oil of oregano or red pepper) did not markedly affect the serum total protein. However, in some another studies carried out in poultry, the increase in the plasma total protein resulted from the phytoadditves supplementation has been observed (Elagib et al., 2012; Amad et al., 2013) . 
Conclusions
The goal of this study was to analyse the impact of essential oils on mineral composition of egg mass and blood parameters of laying hens. Evidently (P˂0.05) lower contents of magnesium in egg mass, phosphorus, calcium and zinc in albumen, in E1 (pumpkin oil addition) and E2 (flaxseed oil addition) against control group were found. The supplementation of oils had positive effect only on the concentration of calcium in yolk (P<0.05). The amounts of other minerals were relatively balanced between groups and were not considerably affected of oil addition in diet. In blood serum of layers, pumpkin and flaxseed oil had significant (P<0.05) impact on mineral and energy profile. The content of calcium was markedly (P<0.05) higher in experimental groups in comparison with control in blood serum. Cholesterol and triglycerides concentration of blood of hens increased (P<0.05) after oil inclusion compared to the control. The supplementation of oils in diets of laying hens had not notable (P>0.05) influence on enzymatic and protein profile.
